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LIGHT-TRANSMITTING OUTER CASINGS FOR ENDOSCOPES 
AND METHODS OF MAKING 



ABSTRACT 

An endoscope which provides ample illumination to a 
surgical field or diagnostic site is disclosed in which a lens 
train having objective and relay lenses or electronic means for 
transmitting images therethrough is covered by an outer casing 
formed from a woven cylindrical sheath composed of a 
multiplicity of interlaced spirally-extending bundles of optical 
fibers and an embedding medium for securely interlocking the 
bundles together. The proximal end of the braided or woven 
sheath forms a light-receiving post for receiving and 
transmitting light through the individual fiberoptic cables to 
their distal ends which terminate around the periphery of the 
field lens or lenses. Constructing the outer casing of the 
endoscope from woven fiberoptic bundles provides an adequate 
quantity of fiberoptic cables to supply ample illumination to 
the field for endoscopes with one or more field lenses. The 
construction of the braided sheath also allows the endoscope to 
be efficiently manufactured. In one alternate embodiment, the 
outer casing is formed from a plurality of woven radial segments 
each composed of a multiplicity of interlaced spirally-extending 
bundles of optical fibers and an embedding medium securely 
interlocks the radial segments together to form the tubular 
outer casing. In another alternate embodiment, the outer casing 
is formed entirely of light- transmitting material and may take 
the form of interwoven fiberoptic cables which are fused 
together or an integral, elongate tubular sheath which fits over 
the lenses or electronic means of the lens train. 
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LIGHT-TRANSMITTING CASINGS FOR ENDOSCOPES 
AND METHODS OF MAKING 



BACKGROUND AND SUMMARY 
Endoscopic instruments are widely known in which 
illumination of the field is provided by fiberoptic cables or 
bundles that transmit light through the barrel of the endoscope 
to its distal end and in which visual images are then 
transmitted back to the user through a series of lenses 
extending through the endoscope barrel from a field lens at the 
distal end to an eyepiece lens assembly at the endoscope's 
proximal end. Such endoscopes commonly include an outer tubular 
barrel, an inner barrel which houses a series of lenses for 
transmitting visual images through the endoscope, and fiberoptic 
cables or bundles positioned between the outer and inner barrels 
for transmitting light to the distal end of the endoscope and 
the adjacent field. See patent Nos. 5,046,816, 4,84 6,154, and 
3,261,349. While such constructions provide sufficient 
illumination to the field in many instances, it has been found 
that such constructions do not provide adequate illumination to 
the field in some applications due to the limited quantity of 
fiberoptic cables or bundles which can be interposed between the 
outer and inner barrels without expanding the endoscope's 
diameter. This is particularly true in endoscopes which require 
greater illumination such as endoscopes having two field lenses 
for stereoscopic viewing or a first f orwardly-directed field 
lens and a second laterally-directed field lens as disclosed in 
patent No. 4,846,154, 

Attempting to include additional fiberoptic cables or 
bundles between the outer and inner barrels of such 
constructions is unrealistic because of diameter constraints as 
well as manufacturing cost and complexity. For example, it has 
been found that attempting to position large numbers of 
fiberoptic cables or bundles around an inner barrel while 
slipping an outer barrel over the fibers is exceedingly 
difficult to achieve without dislodging, damaging or otherwise 
misaligning the individual fiberoptic cables or strands. 

An important aspect of this invention therefore lies 
in providing a relatively uncomplicated and efficiently 
manufacturable endoscope which provides ample illumination to 
the surgical or diagnostic field for endoscope's with one or 
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xnore field lenses. Such results are achieved by eliminating the 
outer barrel from the endoscope and providing the endoscope wxth 
an outer casing around the inner barrel which is composed almost 
entirely of fiberoptic bundles. The fiberoptic bundles are 
interwoven together to form a braided sheath and a bonding 
means, such as a curable embedding medium, interlocks the 
bundles together and provides a relatively smooth outwardly- 
facing surface for the endoscope. Such a construction provides 
a greater number of fiberoptic cables in the endoscope than 
prior art devices without expanding the endoscope's diameter and 
provides ample illumination for endoscopes which may include 
more than one field lens. Such a construction also eliminates 
many of the manufacturing complexities encountered with prxor 

art constructions. 

in brief, the endoscope of this invention includes an 
elongated lens train having proximal and distal ends with an 
eyepiece lens assembly at its proximal end and at least one 
field lens at its distal end. The lens train includes objectxve 
and relay lens means for producing images and transmxttxng the 
same from the field lens or lenses back to the eyepiece lens 
assembly. In the alternative, the lens train and means for 
producing and transmitting images through the endoscope may take 
the form of a miniature CCD color camera at the distal end of 
the endoscope and wires for sending the images to a modulator 
and color monitor. An outer casing surrounds the lens traxn and 
includes a woven cylindrical sheath composed of a multiplxcxty 
of interlaced spirally-extending fiberoptic bundles or strands 
and a bonding means for maintaining the fiberoptic bundles xn 
their configuration. The bonding means may take the form of a 
curable embedding medium composed of any of a number of well- 
known epoxy resins or other resins capable of being applied xn 
liquid form and curing into a hardened state. In the ^ 
alternative, the bonding means may take the form of a mechanxcal 
interlock between the fiberoptic cables which may take the form 
of a plurality of connection or fusion points formed by heatxng 

the fiberoptic cables. 

In a preferred form, the braided sheath includes a 
first spiral arrangement of a plurality of parallel fiberoptxc 
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bundles which are interwoven with an oppositely orientated, 
second spiral arrangement of a plurality of parallel fiberoptic 
bundles to form the braided tubular sheath. The proximal end of 
the sheath extends transversely outward from the inner barrel 
and forms a light-receiving post for receiving light from an 
external source and transmitting that light through the 
individual fiberoptic cables to their distal ends at the other 
end of the sheath. Those distal ends are exposed and surround 
the periphery of the field lens or lenses so that light 
transmitted therethrough illuminates the adjacent field. 

Forming the outer casing of the endoscope from woven 
or interlaced spirally-extending fiberoptic bundles not only 
provides ample illumination of the field but is also 
advantageous in that the braided or woven structure imparts 
limited flexibility to the endoscope's barrel which is desirable 
in many applications. The spiral arrangement and opposite 
orientation of the two sets of fiberoptic bundles is also 
advantageous in that their distal ends terminate at angles to 
the barrel's longitudinal axis and provide improved light 
dispersion at the barrel's distal end and to the adjacent field. 

Forming the endoscope's outer casing from the braided 
sheath also allows for efficient assembly of the endoscope. 
First, the braided or woven sheath is pre-assembled by 
interweaving together a plurality of fiberoptic bundles, each 
bundle including a plurality of individual fiberoptic cables. 
Preferably, the bundles are woven into a first spiral 
arrangement of, a plurality of parallel fiberoptic bundles and a 
second similar, but oppositely oriented, spiral arrangement of 
fiberoptic bundles. The fiberoptic bundles may be woven 
together by known weaving methods commonly employed to form 
metal wire braided sheaths for coaxial cable or other known 
methods in the tubular textile manufacturing industry. The 
proximal end of the braided sheath is then formed into a light- 
receiving post that departs from the lens train and extends 
transversely thereto for connection to an external light source. 

Once the tubular sheath is so formed, the sheath's 
diameter is expanded by pressing the distal and proximal ends 
together and the lens train is then inserted into the sheath. 
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The lens train includes objective and relay lens means for 
transmitting images through the lens train and the proximal end 
of the lens train projects through an opening in the braided 
sheath for later connection to the eyepiece lens assembly. 
Thereafter the proximal and distal ends of the sheath are pulled 
apart to contract the sheath's diameter around the inner barrel 
so that the distal end of the sheath projects beyond a distal 
end of the inner barrel as well as the at least one field lens. 
Bonding means are then applied to the sheath for interlocking 
the fiberoptic bundles together and such bonding means may 
include a curable embedding medium composed of a well-known 
epoxy resin or other resin capable of being applied to the 
bundles in liquid form and then hardened or cured so that the 
endoscope barrel has a relatively smooth outwardly- facing 
surface. The bonding means may also take the form of a 
mechanical interlock between the fiberoptic cables formed by 
heating the cables so that they fuse together at a plurality of 
random connection or fusion points. The distal end of the 
sheath is then severed around the periphery of the field lens or 
lenses to expose the distal ends of the individual fiberoptic 
cables. The exposed distal ends are then polished with an emery 
cloth or the like to allow transmission of light therethrough - . 
The inner barrel is then connected at its proximal end to an 
eyepiece lens assembly and the light-receiving post is connected 
to an external light source for completing the endoscope. 

In an alternate embodiment, the outer casing is formed 
from a plurality of elongated radial segments which are secured 
together by a bonding means to form the outer casing of the 
endoscope. Each of the segments includes a plurality of 
interlaced spirally-extending fiberoptic cables which are 
securely interlocked together by a bonding means such as a 
curable embedding medium. Such a construction is advantageous 
in that the embedding medium secures the segments to the lens 
train to prevent fluid ingress between the lens train and the 
outer casing. 

In the embodiment in which the outer casing is formed 
of fiberoptic cables which are fused together at a plurality of 
connection points, the fused fiberoptic cables form a casing 
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means which serves the dual functions of acting as the outer 
casing and as the light guide of the endoscope. The casing 
means may also take the form of other constructions, such as an 
integral tubular sheath of light-transmitting material which is 
capable of transmitting light from the light-receiving post to 
the distal end of the sheath. Such a tubular sheath is 
preferably formed of a polymeric light-transmitting material and 
may be readily substituted for the woven sheath in the disclosed 
method of manufacturing an endoscope. To prevent ingress of 
fluids between the field lens or lenses and such a tubular 
light-transmitting sheath, a seal formed of a sealing agent, 
such as a curable epoxy or resin, may be interposed between the 
field lens or lenses and the distal end of the sheath. 

Other advantages, features, and objects of the 
invention will become apparent from the specification and 
drawings . 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 is a perspective view of an endoscope having 
fiberoptic outer casing embodying this invention. 

FIG. 2 is a sectional longitudinal view of the 

instrument shown in FIG. 1. 

FIG. 3 is an enlarged view of the distal end of one 
embodiment of the instrument having a first f orwardly-f acing 
field lens and a second laterally-facing field lens. 

FIG. 4 is a schematic view illustrating the steps of 
expanding the tubular sheath's diameter and inserting the inner 
tubular barrel into the sheath. 

FIG. 5 is a schematic view illustrating the steps of 
contracting the tubular sheath's diameter about the inner 
tubular barrel by drawing or longitudinally stretching the woven 
fibers. 

FIG. 6 is a schematic view illustrating the sheath 
being coated with a bonding material and application of heat 
thereto . 

FIG. 7 is a schematic view illustrating the step of 
cutting the distal end of the braided sheath to expose the 
distal ends of the individual fiberoptic cables around the 




periphery of a single field lens* 

FIG, 8 is a schematic view illustrating the steps of 
cutting the distal end of the braided sheath to expose the 
distal ends of the individual fiberoptic cables around the 
forwardly-directed field lens and polishing the distal ends of 
the fiberoptic cables around the laterally-directed field lens. 

FIG. 9 is a schematic perspective view illustrating 
the step of forming an elongated radial segment for use in an 
alternate embodiment of this invention. 

FIG. 10 is a cross section of FIG. 9 illustrating the 
radial segment pressed between two forms and the application of 
a curable embedding medium. 

FIG. 11 is a schematic perspective view illustrating a 
plurality of elongated radial segments arranged to form an outer 
casing around a lens train. 

FIG. 12 is a schematic cross-sectional view 
illustrating the step of bonding the radial segments together 
with a curable embedding medium to form the outer casing. 

FIG. 13 is a perspective view of an endoscope having a 
light-transmitting outer casing of one embodiment of this 
invention. 

FIG. 14 is an enlarged view of the connection points 
between the fiberoptic cables of the outer casing of FIG. 13. 

FIG. 15 is a sectional longitudinal view of an 
alternate embodiment of the light-transmitting outer casing of 
the endoscope embodying this invention. 

FIG. 16 is a schematic view illustrating the step of 
forming the tubular sheath of FIG. 15 from an elongated piece of 
tubular stock of light-transmitting material. 

FIG. 17 is a schematic view illustrating the step of 
inserting the lens train into the light-transmitting outer 
casing of FIGS. 15 and 16. 

FIG. 18 is a schematic view illustrating the step of 
cutting the distal end of the light-transmitting outer casing of 
FIGS. 15 and 16 to position its distal end around the field lens 
and polishing that distal end to allow transmission of light 
therethrough to an adjacent field. 

FIG. 19 is a perspective view of an endoscope 
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employing an alternate embodiment of a lens train and means for 
producxng and transmitting images through the endoscope. 

FIG. 20 is a sectional longitudinal view of the 
instrument shown in FIG. 19. 



DETAILED DESCR IPTION O F PREFRPPP-q EMBQnTMBWTg 

Referring to the drawings, the numeral 10 generally 
designates an endoscope having an elongated outer casing 11 with 
distal and proximal ends iia and lib, respectively. The 
proximal end of outer casing 11 is secured within tubular 
housxng 12 to which a standard image-magnifying eyepiece lens or 
viewing assembly 13 is connected. The distal end of the 
endoscope is provided with at least one field lens 14 for 
viewing an external field adjacent to that end. Alternatively 
the distal end may be provided with a first field lens 15 having 
a forwardly-directed orientation and a second " field lens n 6 
having a laterally-directed orientation as illustrated in Figure 
3. A particularly advantageous endoscope that provides both 
forward and lateral viewing, and the details of its 
construction, are described in patent no. 4,846,154, which is 
hereby incorporated by reference. while the present invention 
is discussed herein primarily with respect to an endoscope 
having one field lens or both a forward and lateral lens, it 
will be understood that other configurations of one or more 
field lenses may be utilized with this invention such as 
providing two forwardly-directed adjacent field lenses for 
stereoscopic viewing of the field. 

A lens train generally designated at 17 is provided 
within outer casing 11 of the endoscope and includes means for 
producing and transmitting images from the field lens or lenses 
back through the inner barrel and to eyepiece lens or viewing 
assembly 13. m the illustration given in Figure 2, the lens 
train 17 includes an inner tubular barrel 17c, an objective lens 
18 adjacent to field lens 14, and a series of relay lenses 19 
which are spaced apart by tubular spacers 20, if required 
within the inner barrel for proper transmission of images 'back 
to eyepiece lens or viewing assembly 13. Preferably, the inner 
barrel 17c is omitted as it occupies valuable space in the 
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endoscope. Eyepiece lens or viewing assembly 13 may be entirely 
conventional and includes a lens group for achieving a desired 
degree of magnification of the image. However, it will also be 
understood other types of lens trains and viewing assemblies may 
be employed with this invention which may include a solid one- 
P16Ce elon <^d lens train, a multiplicity of lens elements that 
are inserted into the outer casing, or electronic means for 
transmitting images through the endoscope from a miniature CCD 
color camera chip. m the embodiments shown in the drawings, 
the lens train is generally shown schematically as a one-piece 
assembly for ease of illustration and discussion. m addition 
for purposes of convenience, the term lens train is used to 
generally refer to the means for transmitting images through the 
endoscope, including single or multiple lenses or electronic 
means for transmitting the images through the endoscope. 

In one alternate embodiment, the lens train and 
viewing assembly take the form shown in FIGS. 19 and 2 0 
Referring to FIGS . 19 and 20, the lens or viewing assembly 13' 
xncludes wires 13a' which are connected to a standard modulator 
converter 13b' and color monitor 13C . m such a construction 
the field lens 14' forms part of a conventional miniature CCD . 
color camera 14b' for viewing images in the field, and camera 
14b' is connected to a plurality of wires 14c' which transmit 
the images from field lens 14' of camera 14b' back to viewing 
assembly 13'. Similarly, a dual vision apparatus may be placed 
m front of the camera which is switched by LCD shutters or 
optical means such as disclosed in U.S. Patent 4,846,154. The 
images are then transmitted through wires 13a' through converter 
13b' to color monitor 13c' for viewing by a physician. in the 
embodiment shown in FIG. 20, the wires 13C are contained within 
tubular barrel 17c ' . However, tubular barrel 17c ' is preferably 
omxtted, and the barrel 17C is shown in the drawings to merely 
facHxtate illustration and discussion of the invention. The 
lens train and means for producing and transmitting images 
through the endoscope shown in FIGS . 19 and 2 0 is entirely 
conventional, and endoscopes employing such an electronic lens 
train and CCD camera are currently being sold by Welch Allyn. 

In one embodiment shown in FIGS. 1-8, the outer casing 
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11 is comprised of two main components: a braided or woven 
cylindrical sheath 21 composed of a plurality of interlaced 
fiberoptic bundles 22 and a bonding means, generally designated 
at 23, for interlocking the bundles together and forming a 
relatively smooth outwardly-facing surface 2 3a over the entirety 
of the outer casing. Depending upon the woven pattern of the 
woven sheath, the bonding means may be interspersed with the 
fiberoptic bundles or may primarily cover the outer surface of 
the sheath. such bonding means may take the form of a curable 
embedding medium which is applied to the bundles in liquid form 
and then cured by application of heat or ultraviolet rays. Any 
one off a number of well-known and commercially available epoxy 
resxns or other resins capable of being applied in liquid form 
and curing into a rigid or semirigid state may be selected for 
thxs purpose. Such embedding mediums are commercially available 
from Master Bond, inc., Hackensack, New Jersey. such materials 
are also generally opaque which is advantageous for covering the 
fiberoptic bundles. Preferably, the embedding medium is applied 
so that its interspersed with the fiberoptic cables and adheres 
to the lens train to form a fluid-tight seal therebetween which 
Prevents fluid ingress between the fiberoptic outer casing and 
the lens train at the endoscope's distal end. m an alternate 
construction shown in FIGS. 13 and 14, the curable embedding 
medxum is omitted and the bonding means take the form of a 
mechanical interlock or fusion points between the fiberoptic 
bundles as described in more detail hereinafter. 

.Each fiberoptic bundle 22 includes a plurality of 
individual fiberoptic cables 24 and a plurality of such bundles 
are interwoven together to form the woven tubular sheath which 
is illustrated schematically in Figures 4 and 5 without the 
bonding means. The woven pattern of the sheath is of the type 
commonly used with "Chinese-Finger Puzzles" which maintains the 
bundles xn tubular or cylindrical configuration but allows 
expansion and contraction of the sheath's diameter by 
respectively pushing or pulling on the ends of the sheath. Such 
tubular woven patterns are also used for weaving metal wire 
casxngs, and the techniques for weaving such wire casings, or 
Chxnese Finger Puzzles, may be employed for forming braided 
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sheath 21. Atkins & Pearce of Covington, Kentucky, is one known 
manufacturing firm that specializes in braiding and weaving 
methods for manufacturing tubular textiles. 

In a preferred woven pattern, a first spiral 
arrangement 25 is formed from a plurality of parallel fiberoptic 
bundles 22 which are spaced apart and follow a spiral pattern 
around lens train 17 such that the bundles extend in directions 
not parallel to a longitudinal axis 10a of endoscope 10. 
Similarly, a second spiral arrangement 26 is formed from a 
plurality of spaced and parallel fiberoptic bundles 22 which 
follow a spiral pattern which is oppositely orientated with 
respect to the spiral pattern of the first arrangement. The 
first and second arrangements of fiberoptic bundles are 
interwoven together and, as most clearly seen in Figure 3, each 
fiberoptic bundle alternately passes over and under each of the 
successive fiberoptic bundles in the opposite arrangement to 
form a braided or woven pattern that maintains the bundles in 
thexr tubular configuration. 

Braided sheath 21 has distal and proximal ends 21a and 
21b and an elongated tubular portion 21c which is concentric 
with and extends along the length of lens train 17. The 
proximal end 2 lb of the braided sheath extends from lens train 
17 in a generally transverse direction to form a light-receiving 
post 27 which is received in extension 12a from housing 12 
Lightpost 27 is connected to a conventional light source 28 
which provides light for transmission through the individual 
fiberoptic cables 24, and the distal ends 24a of the cables are 
exposed and polished to allow transmission of light therethrough 
for illuminating the external field. 

As shown in the illustration given in Figure 1 distal 
ends 24a of the fiberoptic cables surround the periphery 14a of 
field lens 14 for providing illumination to the field. The 
spiral orientation of the bundles results in each of the 
fiberoptic cables having an angled orientation to the 
endoscope's longitudinal axis which results in better light 
dispersal at the endoscope's distal end than if the fibers were 
directed along the endoscope's axis to act as point light 
sources. The crossing spiral pattern of the bundles also 
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results in light from the oppositely orientated distal ends 
crossing which further provides enhanced light dispersal and 
full illumination of the field. Such a construction is 
particularly advantageous in a dual -view endoscope as shown in 
Figure 3 in which more than one field lens is provided. As 
shown in that figure, distal ends 24a of the fiberoptic cables 
surround the peripheries 15a and 16a of field lenses 15 and 16 
and the angled orientation of the fiberoptic cables provides 
improved light dispersal to each of the respective fields. 

One method of constructing the endoscope of this 
invention first involves forming braided sheath 21 by 
interweaving first and second spiral arrangements 25 and 26 of 
fiberoptic bundles together using conventional methods commonly 
employed to interweave metal wire braided sheaths for coaxial 
cable or used to form Chinese-Finger Puzzles. Sheath 21 may be 
manufactured as a tubular article of indefinite length which is 
later cut into individual lengths each having an uncompressed 
length greater than the length of lens train 17. The proximal 
end 21b of the sheath is then compressed and bent, as 
schematically illustrated by arrows 29 in Figure 4, to form 
light-receiving post 27 so that it extends transversely from the 
sheath for later positioning in housing 12. 

The proximal and distal ends of the sheath are then 
pressed together as shown by arrows 3 0 to expand diameter 31 of 
the sheath to accommodate lens train 17. Lens train 17 is then 
inserted into the sheath so that its proximal end 17b protrudes 
through an opening 32 at the sheath's proximal end. Opening 3 2 
may be preformed with a dowel or like tool which pushes aside 
the woven fiberoptic cables to allow lens train 17 to pass 
therethrough or may be formed upon insertion of lens train 17 by 
working the lens train's proximal end through the woven 
fiberoptic bundles. 

As illustrated in Figure 5, the distal and proximal 
ends 21a and 21b of the sheath are then pulled apart as 
illustrated by arrows 3 3 to contract the sheath's diameter about 
lens train 17 so that distal end 21a of the sheath projects 
beyond distal end 17b of lens train 17. Prior to that step, one 
or more field lenses should already be positioned in lens train 
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17 or may be externally attached to lens train 17 so that, when 
the sheath is tightened about the barrel, distal end 21a of the 
sheath projects beyond the end of the field lens assembly. 

Once sheath 21 is tensioned to tightly surround the 
lens train, bonding means 23 are applied to the sheath by 
applicator 34 which spray coats or otherwise applies a curable 
embedding medium to the sheath. Preferably, the embedding 
medium penetrates the fiberoptic cables and adheres to the lens 
train for providing an effective seal at the endoscope's distal 
end. Then, heat application station 35 applies heat to the 
medium to cure or harden it. When it is desirable to use a 
resin which is curable by application of ultraviolet rays 
instead of heat, heat applying station 3 5 may take the form of a 
bank of ultraviolet lights. 

Once the outer casing is fully cured or hardened, the 
excess portion of sheath 21 that projects beyond the field lens 
assembly is severed with suitable cutting means, schematically 
illustrated at 36, to expose the distal ends 24a of the 
fiberoptic cables 24 around the periphery of the field lens or 
lenses as illustrated in Figures 7 and 8. The severing step 
positions the distal ends of the fiberoptic cables about the 
periphery of the field lens or lenses for illuminating an 
adjacent field. The cutting means for performing the severing 
step may take the form of a blade, file or the like as 
fiberoptic cables are typically easy to sever. After the 
severing step, the distal ends of the fiberoptic cables are 
polished with an emery cloth 3 7 or suitably polishing material 
for allowing transmission of light through the distal ends and 
into the field. To complete assembly, the endoscope barrel is 
then attached to housing 12 by connecting lens train 17 to 
eyepiece assembly 13, connecting light-receiving post 2 7 to 
housing 12, and sealing the assembly in a conventional manner as 
is well-known in the art. 

Figures 9-12 illustrate an alternate embodiment of 
this invention in which the outer casing 11' of the endoscope 
includes a plurality of elongated radial segments 38 each 
composed of a web 39 formed from individual fiberoptic cables 40 
and a bonding means 41 (Figure ll) for securing the cables 
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together. in the illustration given in Figure 9, web 39 is 
formed from a plurality of interlaced or woven spirally- 
extending fiberoptic cables 4 0 and the web is initially woven to 
have a generally flat elongated configuration. The woven 
configuration of the web is flexible and allows the webs to 
conform to a radial shape. 

The radial segments 38 are formed by a press 42 having 
plates 42a and 42b, and plates 42a and 42b, respectively, 
include a radial indentation 43 and a radial projection 44. 
When the plates are pressed together, the flexible woven web 
conforms to a radial shape as illustrated in Figure 10. Bonding 
means 41 are then applied to the web for securely interlocking 
the fiberoptic cables 40 together in the radial configuration. 
The bonding means may comprise a curable embedding medium or 
resin as previously described and may be injected through a gate 
45 for application to the fiberoptic cables. Alternatively, top 
press 42a may be removed and the bonding means may be applied by 
spraying as illustrated in Figure 6. The bonding means is then 
cured with heat or ultraviolet light as previously discussed. 

Once cured, the radial segments 38 have a semi-rigid 
or rigid construction and segments 38 are illustrated in their 
finished form in Figure 11. m the illustration given, three 
radial segments form the tubular outer casing but it will be 
understood that any number of two or more radial segments may be 
used to form the tubular outer casing. Segments 38 each have a 
distal and proximal end 38a and 38b. Preferably, the proximal 
ends 3 8b of the segments are composed of fiberoptic cables which 
are free of the bonding means so that they may be later formed 
into a light-receiving post as previously discussed. The distal 
ends 3 8a of the segments may be precut as shown to expose the 
distal ends of the individual fiberoptic cables and the exposed 
distal ends may be polished for allowing the transmission of 
light therethrough to an adjacent field. When the segments are 
affixed to a lens train 46, the distal ends of the segment are 
positioned substantially flush with the distal end 4 6a of the 
lens train. in the alternative, the segments and lens train may 
be assembled so that the distal ends 38a of the segments project 
beyond the distal end 46a of the lens train and the distal ends 
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of the segments are then severed and polished as previously 
discussed in connection with Figures 7 and 8. 

Assembly of the outer casing 11' from radial segments 
38 is shown in Figure 12. In particular, radial segments 38 are 
arranged around lens train 46 in a clamping jig 47 having a 
bottom half 47a and a top half 47b. Clamping jig 47 defines a 
plurality of gates 48 through which bonding means 49 are 
injected to secure the elongated edges of the segments together 
to form the tubular outer casing. The bonding means 49 may 
comprise a curable embedding medium as previously discussed. 
Preferably, the bonding means 49 are applied so that a thin 
layer 49a of resin is formed between the radial segments and the 
lens train to prevent fluid ingress between the radial segments 
and the lens train. It will be understood that other methods of 
applying the second bonding means to the segments and the lens 
train may be also used for forming the tubular outer casing, 
once the tubular outer casing is complete, the proximal end 46b 
of the lens train is connected to the eyepiece lens assembly and 
the proximal ends 3 8b of the segments are connected to the light 
post as previously discussed to complete the endoscope. 

In an alternate embodiment shown in FIGS. 13 and 14, 
the endoscope 10 is substantially the same in structure and 
operation as the embodiments shown in FIGS . 1-8 except for the 
outer casing n». outer casing 11" is essentially composed of 
woven cylindrical sheath 21 formed of fiberoptic bundles 22, and 
the bonding means 23 in the form of a curable embedding medium 
have been omitted. In the embodiments shown in FIGS. 13 and 14, 
the bonding means instead takes the form of a mechanical 
interlock formed by a plurality of connection or fusion points 
50 between the individual fiberoptic cables 24. The connection 
or fusion points 50 are formed by applying heat to bundles 22 to 
initiate melting of the individual fiberoptic cables 24 so that 
they become fused together at a plurality of random connection 
points 50. 

The method of constructing the endoscope 10 with the 
outer casing 11" is substantially the same as previously 
described with reference to FIGS. 4-8 except that the step of 
applying the embedding medium 23 with applicator 34 is omitted. 
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Instead of being used to cure medium 23, the heat application 
statxon 35 is used to heat the fiberoptic cables 24 until they 
are sufficiently fused together to form a unitary sheath and to 
provide a relatively smooth outermost surface 2 3a' of the 
endoscope. Such heating should be applied to sufficiently 
interlock cables 24 but should not compromise the overall 
configuration of the fibers or their light-transmitting 
qualities. The endoscope 10 is then completed as previously 
described to have one or more field lenses. 

In the construction shown in FIGS. 13 and 14 the 
braided sheath 11" acts as a casing means concentric with and 
extending along lens train 17 for forming an outer casing of the 
endoscope and serving as a light guide for transmitting light 
through the endoscope. since the casing 11" serves the dual 
functions of acting as the outer casing and as the light guide 
the endoscope can be considerably smaller in diameter than prior 
art constructions which included a separate outer casing and a 
separate inner light guide. It will also be understood that the 
casing means of this invention may take the form of other 
constructions which serve the dual functions of being the outer 
casing and light guide of the endoscope. 

In the embodiment shown in FIGS. 15-18, the casing 
means take the form of an integral elongated tubular sheath 51 
made of a suitable light-transmitting material. Preferably 
sheath 51 is made of a transparent polymeric material capable of 
transmitting light from light-receiving post 27' to the sheath's 
distal end 51a in the same manner as previously discussed in 
connection with fiberoptic cables 24. The sheath 51 may be 
formed of the same light-transmitting material as the fiberoptic 
cables 24, or other suitable light-transmitting materials may 
also be used. One example of such a light-transmitting material 
is PLEXIGLAS which is well known and commercially available. 

In making the sheath 51, a cutting tool 52 is used to 
cut sheath 51 from an elongate piece of tubular stock having an 
indefinite length as shown in FIG. 16. The proximal end 51b of 
sheath 51 is then bent as shown by arrow 53, and may also be 
simultaneously heated to facilitate bending, to form light- 
transmitting post 27'. Lens train 17 is then inserted into 
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sheath 51 so that its proximal end 17b protrudes through an 
opening 54 at the sheath's proximal end. Opening 54 may be 
formed in the sheath by drilling or other suitable methods 

Once lens train 17 is inserted into sheath 51, the 
excess portion of sheath 51 which projects beyond the field lens 
assembly, if any, is severed with a cutting means 3 6 and 
polished with an emery cloth 37 or other suitable polishing 
material for allowing transmission of light through the distal 
end 51a of sheath 51. it will also be understood that the 
severing step may be omitted if sheath 51 is already sized so 
that the distal end is positionable about the periphery of the 
fxeld lens or lenses 14. To prevent ingress of fluids between 
the dxstal end of the sheath and the lens or lenses a 
peripheral seal 55 of a curable epoxy or resin, or other 
suxtable material, is interposed between the distal end 51a of 
sheath 5! and the field lens or lenses 14 . The assembly of the 
endoscope may then be completed as previously described. 

While in the foregoing embodiments of this invention 
have been disclosed in considerable detail for purposes of 
illustration, it will be understood that many of these details 
may be varied without departing from the spirit and scope of the 
invention. * , 
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THE EMBODIMENTS' OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVIELEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An endoscope comprising: 

a lens train having proximal and distal ends with a 
viewing assembly at said proximal end and at least one field 
lens at said distal end, said lens train including means for 
producing images and transmitting the same from said at least 
one field lens to said viewing assembly; 

casing means concentric with and extending along said 
lens train for forming an outer casing of the endoscope and 
serving as a light guide for transmitting light through said 
endoscope ; 

said casing means comprising a sheath having a 
proximal end which extends transversely outward from said lens 
train and forms a light-receiving post for receiving and 
transmitting light through said sheath and having an exposed 
distal end positioned about a periphery of said at least one 
field lens for illuminating an adjacent field. 

2. The endoscope of claim 1 in which said sheath is 
formed of an integral tubular member of light-transmitting 
material which is capable of transmitting light from said light- 
receiving post to said exposed distal end of said sheath. 

3. The endoscope of claim 2 in which said sheath is 
composed of a light-transmitting polymeric material. 

4. The endoscope of claim 2 in which a seal is 
interposed between said at least one field lens and said distal 
end of said sheath. 

5. The endoscope of claim 4 in which said seal is 
composed of one of a curable resin or epoxy. 

6. The endoscope of claim 1 in which two field lenses 
are positioned at said distal end of said lens train. 

7. The endoscope of claim 6 in which one of said two 
field lenses has a f orwardly-directed orientation and the other 
of said field lenses has a laterally-directed orientation. 

8. The endoscope of claim 1 in which said lens train 
is disposed in an inner tubular barrel. 

9. An endoscope comprising: 

a lens train having proximal and distal ends with a 
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viewing assembly at said proximal end and at least one field 
lens at said distal end, said lens train including means for 
producing images and transmitting the same from said at least 
one field lens to said viewing assembly; 

a tubular outer casing concentric with and extending 
along said lens train and including a woven cylindrical sheath 
composed of a plurality of interwoven spirally-extending 
fiberoptic bundles, each bundle including at least one 
fiberoptic cable, and bonding means for interlocking said 
fiberoptic bundles together; 

said woven sheath having a proximal end which extends 
transversely outward from said lens train and forms alight- 
receiving post for receiving and transmitting light through each 
of said fiberoptic cables and having a distal end which includes 
exposed distal ends of said fiberoptic cables positioned about a 
periphery of said at least one field lens for illuminating an 
adjacent field. 

10. The endoscope of claim 9 in which said braided 
sheath includes a first spiral arrangement composed of a 
plurality of said fiberoptic bundles which are interwoven with 
an oppositely orientated, second spiral arrangement composed of 
a plurality of said fiberoptic bundles. 

11. The endoscope of claim 10 in which said 
fiberoptic bundles in said first spiral arrangement are parallel 
to each other and said fiberoptic bundles in said second spiral 
arrangement are parallel to each other. 

12 . The endoscope of claim 9 in which said distal 
ends of said fiberoptic cables extend in direction not parallel 
to a longitudinal axis of said endoscope. 

13. The endoscope of claim 9 in which two field 
lenses are positioned at said distal end of said lens train. 

14. The endoscope of claim 13 in which one of said 
two field lenses has a f orwardly-directed orientation and the 
other of said field lenses has a laterally-directed orientation. 

15. The endoscope of claim 9 in which said bonding 
means comprises a curable embedding medium. 

16. The endoscope of claim 9 in which said bonding 
means comprises a plurality of connection points at which the 
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fiberoptic bundles are fused together. 

17* The endoscope of claim 9 in which said lens train 
is disposed in an inner tubular barrel, 

18 . An endoscope comprising: 

a lens train having proximal and distal ends with a 
viewing assembly at said proximal end and at least one field 
lens at said distal end, said lens train including means for 
producing images and transmitting the same from said at least 
one field lens to said viewing assembly; 

a tubular outer casing concentric with and extending 
along said lens train and including a plurality of elongated 
radial segments and first bonding means for interlocking said 
segments together about said lens train, each of said segments 
including a web formed from a plurality of fiberoptic cables and 
second bonding means for interlocking said cables together; 

said segments having proximal ends which extend 
transversely outward from said lens train and form a light- 
receiving post for receiving and transmitting light through each 
of said fiberoptic cables and having distal ends which include 
exposed distal ends of said fiberoptic cables positioned about a 
periphery of said at least one field lens for illuminating an 
adjacent field. 

19. The endoscope of claim 18 in which said 
fiberoptic cables in said webs are interlaced and extend in 
directions not parallel to a longitudinal axis of said 
endoscope. 

20. The endoscope of claim 18 in which two field 
lenses are positioned at said distal end of said lens train. 

21 ♦ The endoscope of claim 2 0 in which one of said 
field lenses has a f orwardly-directed orientation and the other 
of said field lenses has a laterally-directed orientation. 

22. The endoscope of claim 18 in which said first and 
second bonding means comprises a curable embedding medium. 

23. The endoscope of claim 18 in which said bonding 
means comprises a plurality of connection points at which the 
fiberoptic bundles are fused together. 

24. A method of making an endoscope with a light- 
transmitting outer casing comprising the steps of: 
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forming an elongated tubular sheath of light- 
transmitting material, said sheath having proximal and 
distal ends; 

forming said proximal end of said sheath into a 
light-receiving post; 

inserting an elongated lens train into said 
sheath so that a proximal end of said lens train 
projects through an opening at said proximal end of 
said sheath said lens train including an opposite 
distal end having at least on field lens; and 

positioning said distal end of said sheath around 
a periphery of said at least one field lens and 
polishing said distal end of said sheath for allowing 
transmission of light therethrough. 

25. The method of claim 2 4 in which said step of 
forming said sheath includes cutting said sheath from an 
integral, elongate tubular member formed of light-transmitting 
material . 

26. The method of claim 2 5 in which said sheath is 
formed of light-transmitting polymeric material. 

27. The method of claim 25 including the further step 
of providing a sealing material between said distal end of said 
sheath and said at least one field lens. 

28. The method of claim 27 in which said sealing 
material comprises one of a curable resin or epoxy. 

29. A method of making an endoscope with a fiberoptic 
oute.r casing comprising the steps of: 

interweaving a first and second arrangement of a 
plurality of fiberoptic bundles to form an elongated 
tubular braided sheath having proximal and distal 
ends, each of said fiberoptic bundles including a 
plurality of individual fiberoptic cables; 

forming said proximal end of said braided sheath 
into a light-receiving post; 

pressing said proximal end of said distal ends of 
said braided sheath towards each other to expand a 
diameter of said braided sheath; 

then, inserting an elongated lens train into said 
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braided sheath so that a proximal end of said lens 
train projects through an opening at said proximal end 
of said braided sheath; 

thereafter, pulling said proximal and distal ends 
of said braided sheath apart to contract the diameter 
of said braided sheath around said lens train so that 
said distal end of said braided sheath projects beyond 
a distal end of said lens train, said distal end of 
said lens train including at least one field lens; 

securely interlocking said first and second 
arrangements of fiberoptic bundles together; 

then, severing said distal end of said braided 
sheath to expose distal ends of said individual 
fiberoptic cables around a periphery of said at least 
one field lens; and 

polishing said distal ends of said fiberoptic 
cables for allowing transmission of light 
therethrough . 

30. The method of claim 29 in which said distal end 
of said lens train includes a first f orwardly-directed field 
lens and a second laterally-directed field lens and said steps 
of severing and polishing the distal ends around both said first 
and second field lenses. 

31. The method of claim 2 9 in which said fiberoptic 
bundles in said first arrangement are parallel and spaced apart 
and follow a spiral pattern in a direction not parallel to a 
longitudinal axis of said endoscope and said fiberoptic bundles 
in said second arrangement are parallel and spaced apart in a 
direction not parallel to said longitudinal axis. 

32. The method of claim 29 in which said step of 
securely interlocking said bundles together comprises applying a 
bonding means in the form of a curable embedding medium to the 
bundles and then curing said medium by applying heat or 
ultraviolet rays to said medium. 

33. The method of claim 32 in which said step of 
interlocking said bundles together comprises applying heat to 
said bundles to force said bundles together at a plurality of 
connection points. 
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34. A method of making an endoscope with a fiberoptic 
outer casing comprising the steps of: 

interweaving a plurality of fiberoptic cables to 
form a plurality of elongated webs; 

forming said webs to have a radial configuration; 

applying bonding means to said webs for securely 
interlocking said fiberoptic cables together; 

then, curing or hardening said bonding means so 
that said webs and said bonding means form a plurality 
of radial segments; 

then, positioning said radial segments so that 
they extend along the length of a lens train and form 
a tubular outer casing, said lens train having 
proximal and distal ends and including at least one 
field lens at said distal end; and 

thereafter, applying bonding means to said radial 
segments for securely interlocking said segments 
together about said lens train and then curing or 
hardening said bonding means, 

35. The method of claim 3 4 in which distal ends of 
said segments extend beyond said distal end of said lens train 
and said method further comprises the step of severing said 
distal ends of said segments to expose distal ends of said 
individual fiberoptic cables about a periphery of said at least 
one field lens; and 

then, polishing said distal ends of said 
fiberoptic cables for allowing transmission of light 
therethrough . 

36. The method of claim 35 in which said distal end 
of said lens train includes a first f orwardly-directed field 
lens and a second laterally-directed field lens and said steps 
of severing and polishing the distal ends of said fiberoptic 
cables includes severing and polishing the distal ends around 
both said first and second field lenses. 

37. The method of claim 34 in which said segments 
include proximal ends formed of said fiberoptic cables which are 
free of said bonding means and said method further comprises the 
step of forming said proximal ends of said segments into a 
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light-receiving post. 

38. The method of claim 37 comprising the further 
step of connecting said light-receiving post to an external 
light source and connecting said proximal end of said lens train 
to an eyepiece assembly. 

39. The method of claim 24 in which said step of 
applying said bonding means to said segments includes applying 
said bonding means between said radial segments and said lens 
train to form a fluid-tight seal between said radial segments 
and said lens train. 

40. The method of claim 3 4 in which said fiberoptic 
cables extend in directions not parallel to a longitudinal axis 
of said endoscope. 
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